An experiment is described which tes ts the consequences of an explanation by Cro mbi e of phase steps and amplitude fading at dawn and dusk. It is concluded that the ex planation is valid at 18.0 kc/ s for the typ es of path studied .
Introduction
The diurnal phase variation of VLF signals over long paths is generally in the form of a trapezium [Pierce, 1955] where all night conditions over the path correspond to one steady-phase le vel, and all day conditions over the path correspond to th e oth er steadyphase level. The idealized transition from one phase level to the other during dawn and dusk comple tes the straight sides of the trapezium, and thi s paper discusses deviation s from this in the form of phase s te ps during the tran sition period. The phase s te ps are accompanied by signal fading, and thi s had in fact been noticed b efore tran s mitter frequencies were s table enough to detect th e diurnal phase variations [Anderson, 1928] . Attempts were made to explain the amplitude fading by Yokoyama and Tanimura [1933] and the phase steps by Rie ker [1963] . Both explaniltions 1 -were based on single-ray geometrical optics, but it has been pointed out by 13udden [1961] and Wait [1962a] t that many rays are need ed to explain VLF propagation over very long paths. Crombie [1964] put forward an explanation based on th e us e of modes in th e earthionosphere waveguid e in whi c h two mod es are present in the nighttime part of the path and only one mode in daylight. He s howed that this explanation fitted most of the observed facts and that it had consequences which were capable of ve rification by further experimental evidence.
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,.... An experime nt is described in this paper which produced results in s upport of Crombie's explanation. The experiment involved the use of a mobile monitor station on board ship, and a permanent ground monitor station, both of whi c h recorded the phase and amplitude of NBA 18.0-kc/s signals from Balboa, Canal Zone. The consequences of Crombie's explanation are studied in more de tail, and it is shown that the dif-I ference in phase veloci ty and the diffe r. e nce in attenuation rate for the two lowes t order modes at night can be deduced from expe rime ntal data. Information can also be obtained on the transmitter excitation factor and the mode conversion at the ionosphere discontinuity.
Explanation of Phase Steps Put Forward by Crombie
Phase steps and signal fading similar to that illustrated in figure 1 were studied by Crombie [1964] on the transmissions of NPM (19.8 kc/s), Hawaii, to Boulder, Colo., and NBA (18.0 kc/s), Canal Zone, to Frankfurt, Germany. He noted that:
(1) The rapid change of phase took place at the same time as the amplitude minimum;
(2) the rapid phase change was in the direction of decreasing phase delay during sunrise, and of increas· ing phase delay during su nset (i.e., in the same direction as the general phase c hange at these times); (3) during sunri se, the deepest minimum occurred latest in time, i. e., with the dawn line closest to the transmitter, but during sunset the evidence from the two paths was not so definite; (4) NPM signals received at Boulder and at Wash· ington (almost on a great·circle line from Hawaii) seemed to show that the minima during sunrise oc· curred at the same time at the two places, to within 5 min or less (only a few days' observations were available); and (5) the distance moved by the dawn·dusk line along the transmitter-receiver paths between times of signal minima was the same for sunrise and sunset.
Crombie put forward a model similar to that illustrated in figure 2 to explain the observations. He assumed that at sunrise, for a west-to-east transmission, two waveguide modes are present in the dark part of the path between the transmitter and the dawn discontinuity, but that at the discontinuity the second mode is converted to first mode, so that no second mode exists in the daylight part of the path. He showed that the consequences of these assumptions are that when destructive interference takes place to give a voltage minimum, the rapid phase change is in the observed direction, and that all points to the east of the dawn discontinuity should experience the signal minimum simultaneously, which agrees with the few days' observations quoted above.
In order to explain the sunset phenomena, Crombie assumed that only the first waveguide mode exists between the transmitter and the discontinuity, but that some second mode is generated at the discontinuity, so that between this point and the receiver, in the dark part of the path, two modes are present, and an interference pattern is formed which moves westward with the sunset line. Crombie showed that with this model, the rapid phase change associated with the voltage minimum is again in the observed direction.
Crombie's model therefore fitted observations (1), (2), (4), and (5) (the latter, since in each case it is
Ionosphere model for sunrise and sunset.
the nighttime height of ionosphere which determines the two mode velocities, and hence the distance moved by the dawn-dusk line between minima). However, the experimental evidence in support of the simultaneity of the minimum signal at sunrise was slight, and none was available to show that at sunset the interference pattern moves with the sunset line. Thus the explanation, while fitting the general facts, had not been verified by any substantial amount of experi-, mental evidence. The principal object of this paper is to describe an experiment in which the main consequences of Crombie's explanation have been verified. The experiment is described in section 3, and the analysis of the results is discussed in section 4.
The consequences of the explanation by Crombie are discussed more fully by taking into account the transmitter excitation factor, the mode conversion coefficient at the dawn-dusk discontinuity, and the attenuation rates of the first two waveguide modes. None of these factors were considered in detail by Crombie. The relationships derived are applied to the experimental data in section 4 to give the difference in phase velocity and the difference in attenuation rate for the first two modes at night. By assuming a theoretical value for the excitation factors of mode 1 and mode 2 at night, an estimate is made of the ratio of the two lowest order mode conversion coefficients at the dawn discontinuity.
Experimental Data
The two main consequences of Crombie's explanation of the dawn-dusk phase steps are that, for a W -to·E path,
(1) At dawn, all points to the east of the discontinuity should experience the signal minima simultaneously;
(2) at dusk, the interference pattern should be on the dark side of the discontinuity and should move with the discontinuity so that the time of occurrence of minimum signal should depend on the location of the receiver.
The verification of both of these results could be done ideally by placing a large number of receivers at intervals along a great-circle path from a suitable transmitter, and simultaneoulsy recording the phase and amplitude of the signal at all the points. This experiment was not feasible, but a permanent recording station at a great distance from a transmitter, together with a mobile ' recording station moving to a different position each day along the great-circle path between the transmitter and the permanent monitor station, is a good approximation to the ideal, and this experiment has been done.
A permanent monitor station is in operation at the University of East Africa, Nairobi, Kenya, and the phase of received VLF signals is compared with the phase derived from a rubidium-vapor frequency standard. The phase difference is recorded together with signal amplitude, and the phenomenon of phase steps and amplitude fading can be seen clearly on the NBA 18.0-kc/s records, an example of which is given in figure la. The path length is 12,950 km. The dawn steps are always very noticeable, the number varying between four and seven but those at dusk are much less pronounced and are sometimes masked by locally generated noise. Recording paper speeds of 15 mm/hr enable the timing of events to be estimated to better than 4 min. Records were available from 11 November to 31 December 1963, which covers most of the time that the mobile monitor station on H.M.S. Vidal was in operation.
H.M.S. Vidal is a Naval survey ship engaged on oceanographic survey work, and during Exercise . Navado a temporary VLF monitor station was established on board. The station was equipped in the same manner as the permanent station at Nairobi , with the exception that a vertical whip aerial was us ed instead of the loop aerial used at the ground recording station. Amplitude minima and phase steps can be seen in figure Ib which shows phase and amplitude readings of NBA 18.0 kc/s taken on H.M.S. Vidal with the ship stationary, on the same date as the Nairobi record in figure la. While the ship was in motion, the phase steps were superimposed on the phase change caused by the movement of the ship relative to the transmitter, and were sometimes difficult to interpret, but the amplitude minima were still clear. The speed of the recording paper was in· creased to 60 mm/hr in order to ease the reading of phase records made while the ship was moving, and in this case the time of any event can be read to the nearest minute. Exercise Navado consisted of four crossings of the Atlantic on fixed lines of latitude of 10°, 13°, 16°, and 19°N. The ship's speed was maintained as nearly constant as possible at 12 knots for 2 days, followed by 12 hr "on station" with engines stopped. Astronomical fixe s were taken twice a day so that the ship's position was known to an accuracy of about 1 mile at any time. The first three crossings, made between 30 October and 21 December 1963, produced good quality VLF data, and this has been used in the subsequent analysis. The path of the ship in relation to the NBA transmitter and the Nairobi receiver is illustrated in figure 3 . The distance of the ship from the transmitter varied between 2000 km and 7000 km.
Analysis of Results

General
The experimental measurements available were the times at which the signal minima (or maximum rate of change of phase) occurred at the different receiver positions, and the relative signal amplitude during the dawn and dusk period. The measurements of time are not significant in themselves, since they are dependent on the time of year, and on the location of the transmitter-receiver path. A more convenient parameter to use is the position of the dawn-dusk discontinuity at the time of the signal minimum, and its distance from the transmitter or receIver. The -0 pOSItion of the discontinuity in the height of the D region of the ionsophere is not known exactly, but for convenience it has been defined here as the shadow cast by a 30-km ozonosphere on a 90-km ionosphere (see fig. 4 ), giving an angular position measured from the center of the earth. The same angular position would be obtained by taking the shadow line cast by the solid earth on a 60-km ionosphere, so in this sense the definition is arbitrary, but it does define a line on the surface of the earth which bears a fixed relation to the true discontinuity. An examination of the NBA 18.0-kc/s phase records in figure 1 shows that the dawn variation starts when this shadow line is almost overhead at the receiver, and hence the definition used is not unreasonable for dawn conditions. At dusk, the phase change continues for approximately 2 hr after the defined shadow line has passed overhead at the transmitter, showing that the discontinuity at dusk is not so sharp and not so close to the defined line as at dawn. Distances have been calculated from the position on the surface of the earth directly under the shadow line, as defined above, to the transmitter and the receiver, along the great-circle path between. transmitter and receiver. A correction was made to the universal time at which the minima occurred, to 
where H is the Greenwich hour angle of the sun, UT vis the universal time, and E is the equation of time 8OOO1--+---+-+--+-
The 1imits of the magnitude of E during a year are dN
approximately ± 15 min, which is equivalent to ± 400 6OOo~+-+-J--:+==+=+=_-l--+=+_+==1L+.:=+-W km in the position of the dawn-dusk discontinuity, (km) and during the experiment the change in E was
approximately 17 min, equivalent to 500 km.
During the experiment, the mobile monitor station moved a distance of 5000 km in approximately 11 cays on almost a great-circle path from the NBA transmitter, in each of three crossings of the Atlantic. The distance of the dawn ionosphere shadow line from the NBA 18.0-kc/s transmitter at times of minimum signal received by H.M.S. Vidal, as a function of distance between transmitter and receiver, is shown in figure 5 . It is seen that the minima occur when the dawn line is at discrete distances from the transmitter of approximately 500 km, 2500 km, and 4400 km, independent of the distance of the transmitter from the receiver. This result is an agreement with Crombie's explanation of the phenomenon. The number of minima decreases as the receiver approaches the transmitter, and when the receiver is near the distance from the transmitter at which the dawn line normally gives a minimum, an anomalous condition occurs. In this case the minimum occurs at a later time than for receiver positions further from the transmitter, i.e., the dawn line is closer to the transmitter by approximately 1000 km. A possible explanation is that, for receiver positions close to the dawn discontinuity, some second mode exists in the light part of the path, thus affecting the time of occurrence of the minimum signal, whereas for greater distances from the discontinuity the attenuation of the second mode is too great for it to have any appreciable effect.
The fact that the results from three crossings of the Atlantic show no appreciable variation implies that the seasonal variation is small during this period of time, and this is also supported by the data from the fixed monitor station at Nairobi. This is illustrated in figure 6 , which shows the distance of the dawn shadow line from the NBA tran s mitter at times of minimum signal received in Nairobi during NovemberDecember 1963. The mobile receiver r esults are also shown in figure 6 , and it is seen that many of the small day-to-day variatio ns in th e position of the dawn line for minimum signal are repeate d at the fixe d and mobile receiver positions, i.e., the variations are r e al and not inconsis te ncies in the data.
h. Sunset
For sunset, th e cons eque nces of Crombie's explanation are that th e interfe r ence pattern is in the dark part of the path and moves along with the s unse t line. Thus minima s hould occur with the sunset line at fixed distances from the receiver, inde pendent of the transmitter-receiver di splaceme nt. Novem be r-Dece mbe r 1963 (see fig. 8 ) s how th a t although there seems to be a slow seasonal variation, the c han ge was small during the 11 days required for one crossing of the Atlantic.
Phase Velocity
The di s tan ce spacin g, D, between the pOSitIOns of the dawn-dusk lin e for minimum signal gives a measure of the phase velocity difference of th e two interfering modes, and it can be shown that: For the dusk case, the mean value of D was 1900 km, giving (VN2/C -VNt/C) = 0.0088. Theoretical values derived by Wait [1962a] for (V2 /C -VtlC) at 18.0 kc/s , for a pe rfectly conducting spherical earth and for a sharply bounded ionos phere with a value of conductivity parameter Wr = 2 X 10 5 , are shown in figure 9 as a function of ionosphere height. From this it can be seen that the equivalent ionosph er e height during dawn interfere n ce is 87.5 km and the e quivale nt ionospher e height during dusk inte rfer e nce is 84.5 km. Th ese values would be c hanged slightly if allowance were made for the effect of the e arth's magnetic field , and for a gradual io nospher e boundary, but the result would still be co ns isten t with the normally accepted ionosphere reflection h eight for VLF waves at night. This result is again in accordance with Crombie's explanation, since it implies that . Theoretical values for difference in phase velocity [Wait, 1962a] and for difference in attenuation rate [Wait and Spies, 1964] of mode 1 and mode 2 at 18.0 kc/s. the interference is determined by the nighttime part of the path in each case. The slightly lower height at dusk may be due to the incomplete change to full nighttime conditions close to the dusk line.
Position of Down-Dusk Line
The distance of the dawn line from the transmitter at times of minimum signal gives information on the phase of excitation of the first two modes by the trans· mitter at night, and on the phase change introduced by the discontinuity.
Thus, referring to figure 2, we assume that for. d < d N , i.e., in the dark part of the path, we have a senes of modes whose propagation is determined by the night· time ionosphere reflection height hN and by the proper· ties of the nighttime reflecting boundary. The field E at a distance d from a vertical electric dipole of strength I ds is given as a sum of modes by [see Wait,1962a] We then assume that at the discontinuity some mode conversion takes place, so that for d > dE, i.e., in day· light, we have a new series of modes, whose magnitude is determined by the mode conversion, and whose propagation is determined by the daytime ionosphere reflection height ho and by the properties of the day· time boundary, i.e .. If we now consider a position of the dawn discon· tinuity far enough from the transmitter for modes higher than the first two to be negligible, and a dis· tance of the receiver far enough from the end of the discontinuity for modes higher than the first mode to be negligible, then
where do = d -dE = length of path in daylight.
If we now ignore the slowly varying quantities (a sin d/a)-1/2 and e -ikSDldo, then voltage minima will occur when will occur when
The distan ce D moved by the dawn line between successive times of minimum amplitude is given by where A and V are wavelength and phase velocity.
where dN i's now the distance of the dawn line from the transmitter at the time of the last minimum in a dawn sequence_ the value of D is relatively insensitive to the definition used to locate th e discontinuity, but the value of dll' depends directly on this definition. The distance d", is the distan ce from the transmitter to the start of the discontinuity (see fig. 2a ), and this is the position which the ionosphere s hadow line attempts to define. From figure 6, D and d", ca n be esti mated, and we obtain a value of arg (A,T,,)/(AzT21) = 7T/2. If we now assume I a perfectly conducting gro und , and a perfectly re-I flecting ionosphere, th e n th e value of arg (Ad A~) is zero, and arg (TII /T21 ) = 7T/2. This is now the difference in phase for the first two modes, introduced between the start of the discontinuity as defined by the shadow line, and the e nd of the discontinuity, which it is unnecessary to define. In general, AI and Az will not be real, since the ionosp here model giving the best agreement with experimental data is not per-I fectly reflecting, and he nce th e value of arg (TII /T21 ) I will be modified. At dusk, we assume that only mode 1 is present between the transmitter and the start of the discontinuity I in daylight, and that mode 1 and mode 2 are present beyond the discontinuity in darkness. By similar reasoning to that used for the dawn case it can then be shown that at a receiver beyond the discontinuity, the signal voltage E is given by
where A'l is the excitation factor of mode 1 in daylight,
Un", is the (complex) conversion coefficient from mode n to mode m at the dusk discontinuity , and distances do and dN refer to lengths of paths in daytim e and nighttime conditions, respectively. If we again ignore the slowly varying quantities (a sin d/a)-1/2 and exp (-ikSDldo), minimum signal voltage
The distance D moved by the dusk line between successive times of minimum amplitude is given by:
and putting p = 0 in (2) we have
where dN is the distance of the dusk line from the receiver at the time of the first minimum in a dusk sequence. At dusk, the distance d." in figure 2b is from the end of the discontinuity to the receiver, and once again it is this point that the shadow line attempts to define. From figure 8, D and d." can be estimated
and we have This is the difference in phase for the first two modes introduced between the undefined beginning of the discontinuity and the end of the discontinuity as defined by the ionosphere shadow line.
Depth of Minima
The ratio of the maximum to minimum received signal gives a measure of the ratio of the amplitudes of the two interfering signals, and also of their relative attenuation rates with distance. Thus it follows from the assumptions made in section 4.4 that at dawn, the amplitude of signal when dN = dMAX is given by
and at dN = dM1N by
Thus if the equivalent values of E MAX and EMIN are found at the same value of dN, then
EMAX+EMIN EMAX-EMIN
(Attenuation factor CiNn is given by CiNn=-k 1m SN".) By plotting in figure lOa the mean values for the month of December 1963, of the dawn signal minima and signal maxima received at Nairobi, against dN , the distance of the dawn line from the transmitter at the appropriate times, values of E MAX and EMIN for constant dN can be estimated. This enables values of (EMAX + EMIN)/(EMAX -E M1N ) to be calculated, and these are plotted in decibels against distance dN in figure lOb. From (3), the .. slope in figure lOb gives in dB/unit distance, the intercept gives I AITll/A2T21I in dB. There is a reduction in slope for dN < 5000 km that may be due to the difficulty in estimating the correct minimum values in this range because of low signal strength. (Alternatively, the attenuation may be changed due to the presence of more than two modes in the dark path, when the dawn line is close to the transmitter.) If the slope beyond 5000 km is taken to be the correct one for two-mode interference, then the difference in attenuation rates for the two modes is 0.76 dB/lOOO km. Experimental values for the attenuation rates of mode 1 and mode 2 for predominantly sea water paths at night are given by Watt and Croghan [1964] for a range of frequencies in the VLF band. At 18.0 kc/s they give a difference in attenuation rate between mode 1 and mode 2 of 1.5 dB/lOOO km. Theoretical values for the difference in attenuation rate between mod e 1 and mode 2 will depend on the earth-ionosphere model chosen. Figure 9 shows the difference in attenuation rate between mode 1 and mode 2 at 18.0 kc/s as a function of ref.
erence height ho, for a profile of Wr varying as 2.5 X 10 5 exp 0.5 (h -ho) sec-l and a perfectly conducting spherical earth [Wait and Spies, 1964] . At a reference height of ho = 90 km the difference in attenuation rates is 1.9 dB/lOOO km when using this particular I model. However, the value of Wl' = 2.5 X 10 5 sec-l at the reference height h = ho, while appropriate for day-I time conditions, may not apply at night. A change in this parameter, or of the exponential factor of 0.5, could lead to differences in attenuation rate in agreement with the experimental value obtained here. I If we again take the slope for distances of greater than 5000 km as being correct, then the intercept at dN = 0 gives 20 10glO IAlTul/ I A2T21 1=2.8. Once I again, theoretical values of excitation factor depend on the earth-ionosphere model chosen. Thus for a I perfectly conducting spherical earth and a perfectly reflecting ionosphere, height 90 km, Wait [1962a] ar-I rives at a figure of 20 10glO I A2/ Ad = 12 at 18.0 kc/s. For a perfectly conducting spherical earth and for a profile of Wr varying as 2.5 X 10 5 exp 0.5 (h -ho) sec-l , and ho=90 km, Wait and Spie s [1964] give 20 10glO IA2/Al l=9.6 at 18.0 kc/s. These two values of excitation factor, taken together with t~e experimental value I of 20 10glO IAITu/A2T2ti=2.8, gIve values of jTl1 /T21 1. of 5.5 and 4.2, respectively. This implies that the conversion from mode 1 in darkness to mode 1 in daylight is approximately five times greater than the conversion from mode 2 in darkness to mode 1 in daylight, at the dawn discontinuity at a frequency of 18.0 kc/s. Wait [1962b] considers the mode conversion at a wedge discontinuity in a parallel plate waveguide with per-I fectly conducting walls. For the first change of sec-I tion, i.e., parallel section to wedge section, Wait gives T2dTIl -=c. -3khIjJ/47T 2 , and for the second change of section, i.e., wedge section to parallel section, T2t!TlI For h=70 km, 6h=20 km, and IjJ=1/50, this gives ITl1 /T2l l-=c.ll .4. Bahar and Wait [1964] also consider I the mode conversion at a step discontinuity in a parallel section guide with perfectly conducting walls. This work predicts that the conversion coefficient T2n for night-to-day transmission should be given by
where 6h is the abrupt height change. For n = 1, h = 90, and 6h = 20, we have I T2l l -=c.l/6.4. Since Til is approximately equal to 1, this gives JTl1/T2l l-=c.6. The single experimental value obtained for ITll(T2ll j is therefore of the same order as a theoretical estimate for a step change in ionosphere height in a parallel I section guide with perfectly conducting walls, even though the wedge model is a more realistic one .
It is worth noting that if extreme values for the month of December instead of mean values were used in the above calculations, then the resulting difference in attenuation rate for mode 1 and mode 2 would be 1. 7 dB/lOOO km, and the mode conversion factor ratio would be 20 10glO ITIl/T2l l=9.5 or I Tl1/T2d =2.99.
At sunset, similar reasoning gives
where E M AX and EMIN are again estimated for a constant distance dN of the dusk line from the receiver.
The depths of the minima at sunset were diffic ult to read on the Nairobi recordings because of the local interference mentioned earlier, and hence the results from the shorter path to H.M.S . Vidal had to be used.
Mean values could not be taken because of the movement of the ship, so individual day's recordings were used . The figure obtained for the difference in attenuation rates for the two modes was approximately 0. 5 dB/lOOO km, i. e ., lower than in the dawn case, and the ratio of the amplitudes of the conversion factors, i. e., !Ut tlUt2 !, was 2.4:1. These res ults were take n from a few day's recordings and are only approximate.
Conclusions
The exp erime ntal evide nce in the paper s upports the iono s ph e re model put forward b y Cro mbie to explain the dawn and dus k phase steps and amplitud e fadin g, i.e., that two wav eguide mod es exist in th e dark part of the path, but only one in dayli ght. It has been shown that at dawn, distant observers experi e nce the amplitude fadin g simultaneo usly, whereas at dusk th e ti me of fading de pe nds on the di s tance be twee n th e receiver and th e du sk lin e. Both these res ults are for a west-to-eas t path, effec tively norm al to the dawn-dusk line (the angle varied between 57° and 80°), and for a freque ncy of 18.0 kc/s. In addition to thi s, th e differen ce in phase velocity of the two interfering modes, deduced from the distance moved by the dawn-dusk lin e be tween the times of minimum signal , is compa tible with the two modes bein g present unde r a ni ghttime height of ionos phere. This again is in agreement with the proposed model.
A techniqu e has b een de mons trated for obtainin g the diffe re nce in attenuation rate for th e two principal modes at night. The expe rim e ntal value obtained at 18.0 kc/s is lower than that given by Watt and Croghan [1964] for other experimental results. By assuming values for the tran s mitter excitation factors of mode 1 and mod e 2 at ni ght, a figure is given for the ratio of th e mode conversion coefficients of mode 1 and mode 2 at th e dawn discontinuity. At the dusk discontinuity , the ratio of the mode conversion coefficients is found independently of the transmitter excitation factors. The experimental value at dawn is of the same order as the mode conversion coefficient ratio as predicted by Bahar and Wait [1964] for an abrupt di sco ntinuity in a parallel section guide of infinite conductivity, and is therefore surprisingly high. At dusk the expe rimental data was not good enough to give a reli able res ult. The experimental values quoted above are of course for one path, at one frequency, and are based on one month's observations. It is felt that a fuller investigation is need ed before deciding on the validity of the technique.
It s hould also be pointed out that the numerical res ults outlined above de pend on the assumption that the magnitude of the mode conversion is independent of the distance of the dawn-dusk line from the transmitter. If, however, the mode conversion depends on the angle between the _path and the dawn-dusk line, the n the assumption will not b e valid, since this angle changes along the path. Also, Crombie [1964] suggested the possibility that mode conversion does not all take place at the discontinuity, which again would modify the results.
It is proposed to investigate the phenomenon of phase s teps and a mplitude fading for east-to-west paths, for other fre quen c ies in the VLF band, and to s tudy the effect of angle of path to the dawn-dusk line on mode conversion. In the case of east-to-west paths , the s unset minima should be experie nced sim ultan eo usly by observers to the west of the di sconti nuity, whereas at sunrise, the time of minimum signal should de pend on the di s tance be twee n the dawn line and the receiver.
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